Wide Tires, Narrow Tires by Bashford, Leonard L. et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Biological Systems Engineering: Papers and 
Publications Biological Systems Engineering 
9-1999 
Wide Tires, Narrow Tires 
Leonard L. Bashford 
University of Nebraska-Lincoln, lbashford1@unl.edu 
Michael F. Kocher 
University of Nebraska-Lincoln, mkocher1@unl.edu 
Todd S. Tibbetts 
Vermeer Industries 
Follow this and additional works at: https://digitalcommons.unl.edu/biosysengfacpub 
 Part of the Biological Engineering Commons 
Bashford, Leonard L.; Kocher, Michael F.; and Tibbetts, Todd S., "Wide Tires, Narrow Tires" (1999). 
Biological Systems Engineering: Papers and Publications. 174. 
https://digitalcommons.unl.edu/biosysengfacpub/174 
This Article is brought to you for free and open access by the Biological Systems Engineering at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Biological Systems 
Engineering: Papers and Publications by an authorized administrator of DigitalCommons@University of Nebraska - 
Lincoln. 
400 Commonwealth Drive, Warrendale, PA 15096-0001 U.S.A. Tel: (724) 776-4841  Fax: (724) 776-5760
SAE TECHNICAL
PAPER SERIES 1999-01-2784
Wide Tires, Narrow Tires
Leonard L. Bashford and Michael F. Kocher
University of Nebraska-Lincoln
Todd S. Tibbetts
Vermeer Industries
Reprinted From:  Agricultural Machinery, Tires, Tracks, and Traction
(SP-1474)
International Off-Highway & Powerplant
Congress & Exposition
Indianapolis, Indiana
September 13-15, 1999
Author:Gilligan-SID:13591-GUID:32287699-129.93.16.3
Reprinted with permission from SAE paper 1999-01-2784 © 1999 SAE International
The appearance of this ISSN code at the bottom of this page indicates SAE’s consent that copies of the
paper may be made for personal or internal use of specific clients. This consent is given on the condition,
however, that the copier pay a $7.00 per article copy fee through the Copyright Clearance Center, Inc.
Operations Center, 222 Rosewood Drive, Danvers, MA 01923 for copying beyond that permitted by Sec-
tions 107 or 108 of the U.S. Copyright Law. This consent does not extend to other kinds of copying such as
copying for general distribution, for advertising or promotional purposes, for creating new collective works,
or for resale.
SAE routinely stocks printed papers for a period of three years following date of publication. Direct your
orders to SAE Customer Sales and Satisfaction Department.
Quantity reprint rates can be obtained from the Customer Sales and Satisfaction Department.
To request permission to reprint a technical paper or permission to use copyrighted SAE publications in
other works, contact the SAE Publications Group.
No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior wri tten
permission of the publisher.
ISSN 0148-7191
Copyright 1999 Society of Automotive Engineers, Inc.
Positions and opinions advanced in this paper are those of the author(s) and not necessarily those of SAE. The author is solely
responsible for the content of the paper. A process is available by which discussions will be printed with the paper if it is pu blished in
SAE Transactions. For permission to publish this paper in full or in part, contact the SAE Publications Group.
Persons wishing to submit papers to be considered for presentation or publication through SAE should send the manuscript or a 30 0
word abstract of a proposed manuscript to: Secretary, Engineering Meetings Board, SAE.
Printed in USA
All SAE papers, standards, and selected
books are abstracted and indexed in the
Global Mobility Database
Author:Gilligan-SID:13591-GUID:32287699-129.93.16.3
1 1999-01-2784
Wide Tires, Narrow Tires
Leonard L. Bashford and Michael F. Kocher
University of Nebraska-Lincoln
Todd S. Tibbetts
Vermeer Industries
Copyright © 1999 Society of Automotive Engineers, Inc.
ABSTRACT
Tractive performance comparisons among five different
size tires were made on two different surface conditions,
a wheat stubble field and a tilled wheat stubble field.
Radial 18.4R46, 20.8R42 and 710/70R38 radial tires;
and bias 750/65-38 and 850/55-42 tires were used.
Instrumentation to evaluate tractive performance was
installed on a two-wheel drive and a mechanical front
wheel drive agricultural tractor.  Axle torques, drawbar
pull, travel speed, and engine rpm were recorded for a
series of drawbar pulls on the two soil surfaces.
Tractive performance evaluations among the tires were
made by comparing the relationships of dynamic traction
ratio to slip, tractive efficiency to slip, and tractive effi-
ciency to dynamic traction ratio.
In general, narrower tires exhibited performance advan-
tages over wider tires.
INTRODUCTION
Wider agricultural drive tires are now available and manu-
factured by a number of domestic and foreign manufac-
turers.  Advertisements for these tires promote better
tractive performance and reduced soil compaction.  Liter-
ature specifically addressing these issues, for these new
wider tires, is sparse.
LITERATURE REVIEW
Dwyer and Heigho (1984) used a single wheel tester to
compare tractive performance of 18.4-38, 20.8-38, 23.1-
30, 23.4-38, and 25.5-38 single drive tires.  They found
that the tractive performances of the 23.1-30, 23.4-38,
and 25.5-38 tires were lower than the 18.4-38 and 20.8-
38 size tires.  These results were observed with all tires
having the same dynamic loads.  The authors felt the
benefits of the wide tires may have been seen at higher
dynamic loads.  Differences in dynamic traction ratios for
the tires were minor.
Mueller and Treanor (1985) tested the merits of radial
and bias-ply tractor tires as well as those of single and
dual tires.  The tests were conducted with the same size
tires:  20.8-38 10PR bias and 20.8R38 10PR radials.
The weight to power ratio was 120 lb/hp for singles and
151 lb/hp for duals.  As singles, the radials were signifi-
cantly better than the bias tires for field productivity and
drawbar power.  Field productivity, wheel slip, and draw-
bar power improved when bias duals were replaced with
radial duals.  At equal drawbar loads, the radials had
greater reduction in wheel slip at higher speeds.
Dwyer (1987) used a single wheel test vehicle to com-
pare the tractive performance of a 67-34.0-25 bias tire at
5.0 psi, a 20.8-38 radial tire at 9 psi, and a similar 18.4-34
tire at 12 psi.  All tires had similar tread patterns and were
tested with the same vertical load of 4,950 lb.  The best
performance was achieved by the 20.8-38 tire, with little
difference in performance between the other two tires.
When using empirical predictions of performance, the
narrower tires performed as predicted, but the perfor-
mance of the wide low-pressure tire was considerably
lower than predicted.  This was thought to be due to bull-
dozing because of the greater width and increased wheel
slip caused by deformation of the soft side-walls.  The
low-pressure tire had relatively soft side walls and short
ground contact area.  It was concluded that wide, low-
pressure tires were suitable for vehicles requiring small
drawbar loads.
Upadhyaya et al.  (1989) evaluated three radial tires
(16.9R38, 18.4R38, and 24.5R32) on five different soil
conditions with different axle loads and inflation pres-
sures (83 kPa and 124 kPa).  The results indicated that
changes in a given soil condition influence tire perfor-
mance more than changes in tire loading or dimensions.
In a given soil condition, the 24.5R32 tire appeared to
perform better than the other two tires.  The 18.4R38 tire
performed slightly better than the 16.9R38 tire.  Changes
in soil conditions influenced tire performance much more
than changes in tire loading and dimensions.
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2Bashford and Kocher (1998) studied traction characteris-
tics of 710/70R38 and 18.4R46 tires.  The tractive perfor-
mance differences between the two different tire sizes
favored the narrower tire.  On a non-tilled surface, the dif-
ferences in dynamic traction ratio and tractive efficiency
were distinct, favoring the 18.4R46 tire.  On a tilled sur-
face at slips exceeding 25%, the dynamic traction ratio
favored the 710/70R38.  On a firm surface, the wider tire
had a slight advantage in tractive efficiency at low
dynamic traction ratio values while on the soft tilled sur-
face, the wider tire had a slight advantage in tractive effi-
ciency at high dynamic traction ratio values.
OBJECTIVE
Very few published articles were found in which tractive
performance of different width tires included the determi-
nation of axle power.  Therefore, the primary objective of
this research effort was to compare the field tractive per-
formance of five different size tires.  A 2-wheel drive trac-
tor and a mechanical front wheel drive tractor were used
for testing the tires.
TRACTIVE PERFORMANCE
Tractive performance of a tractor can be represented
using relationships of dynamic traction ratio (DTR) and
tractive efficiency (TE) versus slip.  The terminology used
in the tractive performance analysis is defined in ASAE
(1998) Standard S296.4 General Terminology for Traction
of Agricultural Tractors, Self-Propelled Implements, and
other Traction and Transport Devices.
PROCEDURES
TRACTOR PREPARATION – A Case IH 8920 two-wheel
drive tractor (2WD) and a John Deere 8400 mechanical
front wheel drive tractor (MFWD) were instrumented to
measure axle torque, engine speed, drawbar pull, and
ground speed.  Calibration procedures and transducers
described by Esch (1987), Bashford and Kocher (1998),
and Tibbetts (1998) were used in this study.
The tires evaluated on the 2WD tractor were Goodyear
20.8R-42 radial tires, Firestone 710/70R-38 radial tires,
Trelleborg 750/65-38 bias tires, and Trelleborg 850/55-42
bias tires.  The same size front tires, Goodyear Dyna Rib
14L-16.1, were used for all rear tire combinations.  Tire
evaluations using this tractor were completed in the sum-
mer of 1998.
Tires evaluated on the MFWD tractor were dual  18.4R46
on the rear and single16.9R30 on the front and were
Goodyear Dyna Torque radials, and dual 710/70R38 on
the rear and single 600/65R28 on the front and were
Goodyear DT820 radials.   Tire evaluations using this
tractor were completed in the summer of 1997.  Specific
details of the testing of the tires on the mechanical front
wheel drive tractor were discussed in Bashford and
Kocher (1998).  Specifications for the two tractors are
illustrated in Tables 1 and 2.  The specifications for the
MFWD tractor are included for easy comparison to the
2WD tractor.
FIELD PREPARATION – Tractive performance tests were
conducted on two different surfaces during the two sum-
mer tests.  The soil type was a silty clay loam.   The origi-
nal surface was a wheat stubble field with the straw baled
and removed from the field.  The remaining stubble was
approximately 160 mm tall.  The second surface was the
wheat stubble field tilled to a depth of approximately 23
cm with a Noble blade.  The tillage was completed with
two tillage passes in diagonal directions to better break
up the soil.
The average soil conditions for the top three inches for
the surfaces on which each tractor operated in are
defined in Table 3.
Table 1. Specifications for the MFWD tractor.
Row-Crop Field
Tires: Front:    16.9 R30
Rear:    18.4 R46 duals
Front:    600/65 R28
Rear:     710/70 R38 duals
Inflation
Pressure (kPa):
Front:     207
Rear:       83
Front:    124
Rear:       41
Tractor
Weight (kg):
Front:     4941
Rear:     7987
Total:     12,928
Front:     5017
Rear:     8233
Total:     14,250
Drawbar
Height (cm):
47.2  41.1
Table 2. Specifications for the 2WD tractor.
Rear Tires: 20.8 R42 710/70 R38 750/65-38 850/55-42
Inflation
Pressure (kPa):
100 83 69 69
Tractor
Weight (kg):
          Front:
          Rear:
          Total:
2070
5486
7556
2050
5864
7914
2070
5680
7750
2050
5905
7955
Drawbar
Height (cm):
46.3 50 52 54
Table 3. Test soil conditions and properties.
Tractor Surface
Cone Index
kPa
Bulk Density
Mg/m3
Water 
Content
% db
2WD Non-Tilled N/A N/A 23
2WD Tilled ---- N/A 23
MFWD Non-Tilled 135 1.20 21
MFWD Tilled ---- 1.03 21
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3TESTING PROCEDURE
Drawbar loads were obtained by towing one or more
load-unit tractors in series behind the test tractor.
The 2WD tractor was equipped with an 18-speed power-
shift transmission.  The MFWD tractor was equipped with
a 16-speed powershift transmission.  A series of gears
with forward speeds of approximately 4.0, 5.6, 6.7, and
9.3 km/h were selected.  The tractors were operated, in
each selected gear, straight ahead through the field at full
throttle with the load unit tractor providing the drawbar
load.  In each gear, data were recorded at different draw-
bar loads from minimum to maximum where the tractor
slippage was in excess of 50%.
Once high slip was reached, a different gear was
selected and the procedure was repeated.  The tractors
were operated in each gear in both directions in the field.
This procedure was used to minimize or eliminate the
possible effects of any minor grade changes or soil differ-
ences on the evaluation parameters.
After the required series of gear runs were completed,
the tractor was moved to the second surface and the
tests repeated.  After the series of tests were completed
on the second surface, tires were changed on the test
tractor and the tests repeated.  Tires were evaluated in
parallel adjacent passes through the field to minimize
possible changes in soil or grade.  A minimum of three
sets of 25 observations were recorded at each drawbar
load in each gear.  Data were later downloaded to a com-
puter and the average of each set of 25 observations cal-
culated to obtain one data point.    
RESULTS
STATISTICAL ANALYSIS – A non-linear regression pro-
gram was used to statistically analyze the tractive perfor-
mance data.  The NLIN program was used to select the
best-fit relationship between the original data and the
corresponding traction models.
Upadhyaya (1989) used non-linear regression to obtain a
best fit of tractive performance data.  Bashford and
Kocher (1998) used non-linear regression to obtain the
best-fit parameters and the 95% confidence intervals for
the parameters for traction prediction equations.
The DTR model proposed by Wismer and Luth (1974)
was used and is in the form:
DTR = BO(1-eB1*S) + B2 (1)
with regression coefficients B0, B1, and B2, and slip, (S),
in decimal form.
A TE model can be expressed in the form:
 TE = (1-S)[1-(B3/(1-eB4*S))] (2)
with the regression coefficients B3 and B4, and slip , (S),
in decimal form.
Model parameter estimates, 95% confidence intervals,
and the correlation coefficient values for the non-linear
regression analyses on the TE and DTR for each tire by
soil surface condition treatment combination are given in
Tables 4 and 5.
TRACTIVE PERFORMANCE COMPARISONS – Best fit
TE and DTR curves were drawn from regression parame-
ters defined in Tables 4 and 5 for the tires tested on each
of the two soil surface conditions.
Figures 1 to 6 illustrate the tractive performance compari-
sons of the radial and bias ply tires on the two surfaces
evaluated on the 2WD tractor.  Illustrated in Figure 1 are
the comparisons of TE as a function of slip for the tires on
the non-tilled wheat stubble.  At a given slip, the radials
had higher TE than the bias tires.  The 20.8R42 indicated
a small advantage over the 710/70R38 tires for slips less
than 15 percent.  The radial tires had maximum TE at
slips of about six and eight percent, while the bias-ply
tires had maximum TE at slips of ten percent.  However,
the TE of the two sizes of bias ply tires were essentially
the same.
Figure 2 illustrates the differences between the tires on
the tilled wheat stubble surface.  The TE comparison
illustrates that the radial tires had higher TE than the bias
ply tires up to approximately 20 percent slip.  The
20.8R42 tires had higher TE than did the 710/70R38 tires
for slips greater than approximately ten percent.  The
750/65-38 tires had a small TE advantage over the 850/
55-42 tires for slips less than about 25 percent.  The
radial tires had maximum TE at about 17 percent slip,
while the bias-ply tires had maximum TE at about 20 per-
cent slip.
In general, TE increased rapidly from low values to a
peak at about eight percent slip on the non-tilled stubble,
and about 19 percent slip on the tilled stubble.  After
reaching peak TE at these slip values, TE decreased at a
steady rate as slip continued increasing.  The tires evalu-
ated maintained TE near the peak over a wider range of
slips for the tilled surface condition than for the non-tilled
surface condition.  The peak TE on the non-tilled surface
were noticeably higher than on the tilled surface condi-
tion.  On each of the two surface conditions radial tires
had higher maximum TE than did the bias-ply tires.  Also
on each of the two surface conditions, the radial tires
reached maximum TE at lower slips than did the bias-ply
tires. 
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4Figure 3 illustrates DTR as a function of slip on the non-
tilled wheat stubble surface.  At a given slip the radial
tires had a higher DTR than did the bias tires.  At slips
less than approximately 10 percent, the 710/70R38 had a
small advantage over the 20.8R42.  But at slips greater
than approximately 20 percent, the 20.8R42 had an
advantage over the 710/70R38 tires.  The 850/55-42 had
a DTR advantage over the 750/65-42 at slips between
approximately five and 25 percent.  This reversed at slips
over approximately 30 percent where the 750/65-38 had
a DTR advantage over the 850/55-42 tires.  The DTR for
the radial tires was greater than the DTR of the bias tires
over the entire slip range.
Illustrated in Figure 4 are the comparisons of DTR verses
slip for the tires tested with the 2WD tractor in 1998 on
the tilled wheat stubble surface.  The DTR for the two
sizes of radial tires was almost identical for slips less than
approximately 35 percent slip.  At slips above approxi-
mately 35 percent the 710/70R38 tires had a small
advantage over the 20.8R-42 tires.  The 750/65-38 had a
small DTR advantage over the 850/55-42 tires at slips
less than approximately 15 percent.  Between approxi-
mately 10 and 30 percent slip, there were no differences
between the DTR of the two sizes of bias ply tires.
In all cases observed, the radial tires had a higher DTR
than the bias ply tires.  However, on the softer surface
(tilled wheat stubble), the differences between the radial
and bias ply tires were less. 
Figure 5 illustrates the comparisons of TE as a function
of DTR for a non-tilled wheat stubble surface condition
among the four tires tested with the 2WD tractor in 1997.
A maximum TE of approximately 0.81 occurred at a DTR
from approximately 0.3 to 0.4 for the 20.8R42 tires.  The
maximum TE for the 710/70R38 tires was approximately
0.77 and occurred approximately between a DTR of 0.35
Table 4. Dynamic traction ratio and tractive efficiency model parameter estimates and their 95% confidence intervals and 
associated Pearson=s correlation coefficient for the tests of the tires with the MFWD tractor in 1997.
Tire Surface Dynamic Traction Ratio Tractive Efficiency
B0
(95% CI)
B1
(95% CI)
B2
(95% CI)
r B3
(95% CI)
B4
(95% CI)
r
18.4 Non-Tille 0.75
(0.73, 0.76)
-6.87
(-7.38, -6.36)
0.03
(0.02, 0.05
0.99 0.11
(0.10, 0.12)
-21.42
(-23.97, -18.87)
0.91
Tilled 0.72
(0.70, 0.74)
-8.13
(-8.75, -7.52)
-0.08
(-0.10, -0.05)
0.99 0.13
(0.12, 0.14)
-12.00
(-13.84, -10.16)
0.80
710/70 Non-Tille 0.67
(0.64, 0.70)
-6.49
(-7.64, -5.34)
0.04
(0.01, 0.08
0.98 0.17
(0.15, 0.19)
-46.58
(-58.34, -34.82)
0.83
Tilled 0.76
(0.72, 0.79)
-5.11
(-5.84, -4.38)
0.02
(0.00, 0.04
0.98 0.19
(0.17, 0.21)
-18.39
(-21.66, -15.11)
0.70
Table 5. Dynamic traction ratio and tractive efficiency model parameter estimates and their 95% confidence intervals and 
associated Pearson=s correlation coefficient for the tests of the tires with the 2WD tractor in 1998.
Tire Surface Dynamic Traction Ratio Tractive Efficiency
B0
(95%CI)
B1
(95%CI)
B2
(95%CI)
r B3
(95%CI)
B4
(95%CI)
r
20.8R42 Non-Tilled 0.82
(0.79,0.85)
-6.20
(-6.99,-5.39)
0.07
(0.04,0.11
0.97 0.11
(0.10,0.12)
-28.03
(-32.70,-23.30)
0.91
Tilled 0.94
(0.89,0.98)
-6.40
(-6.80,-5.90)
-0.16
(-0.21,-0.12)
0.98 0.14
(0.13,0.15)
-5.30
(-6.02,-4.60)
0.98
710/70R38 Non-Tilled 0.71
(0.68,0.78)
-5.00
(-6.81,-4.35)
0.19
(0.15,0.23
0.97 0.12
(0.10,0.13)
-21.20
(-23.40,-19.50)
0.98
Tilled 0.93
(0.89,0.97)
-5.89
(-6.42,-5.36)
-0.14
(-0.18,-0.09)
0.97 0.19
(0.18,0.20)
-7.62
(-8.23,-6.90)
0.95
750/65-38 Non-Tilled 0.82
(0.79,0.86)
-4.38
(-4.93,-3.82)
0.04
(0.01,0.07
0.97 0.16
(0.13,0.17)
-14.40
(-17.90,-11.00)
0.82
Tilled 1.00
(0.96,1.00)
-6.13
(-6.55,-5.70)
-0.24
(-0.29,-0.19)
0.98 0.15
(0.13,0.17)
-4.11
(-4.90,-3.30)
0.94
850/55-42 Non-Tilled 0.72
(0.69,0.75)
-6.01
(-6.58,-5.45)
0.04
(0.01,0.07
0.97 0.16
(0.15,0.17)
-15.28
(-17.60,-12.90)
0.94
Tilled 1.06
(1.00,1.11)
-6.09
(-6.66,-5.53)
-0.28
(-0.34,-0.23)
0.95 0.15
(0.13,0.17)
-3.89
(-4.54,-3.22)
0.98
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5and 0.45.  The bias tires both had an approximate maxi-
mum TE of 0.72 at a DTR range between approximately
0.3 and 0.4.  The general shape of the performance
curves indicated that the radial tires had a higher TE than
the bias tires over DTR from 0.25 to 0.7.  The 20.8R42
tires had the highest TE of all the tires over the DTR
range from 0.13 to 7.0.  This meant that the radial tires
were more efficient over a wider range of drawbar pulls
than the bias ply tires.
TE and DTR comparisons for the tilled surface condition
are illustrated in Figure 6.  The maximum TE for the
20.8R42 radial tire of approximately 0.64 occurred over a
DTR range of 0.4 to 0.50.  The maximum TE of 0.61 for
the 710/70R38 tires occurred over the same approximate
range as the peak for the 20.8R42 radial tire.  The perfor-
mance of the bias ply tires was similar over the DTR
range from 0.1 to 0.7, with a maximum of approximately
0.59 for the 750/65-38 and 0.58 for the 850/55-42 tires.
Note that all tires reached maximum TE at lower DTRs
on the non-tilled surface than on the tilled surface.
The following paragraph and Tables 1 and 4 and Figures
7 through 10 were copied from Bashford and Kocher
(1998).  Permission was granted by the American Society
of Agricultural Engineers.  This information was obtained
using a mechanical front wheel drive tractor.  All perfor-
mance tests were completed with dual tires on the rear
axle of the tractor.
Figures 7 and 8 illustrate the performance comparisons
between the 18.4 and 710/70 tires.  On the non-tilled sur-
face, the differences in DTR and TE were distinct with
both measures of performance favoring the 18.4 tire.  On
the tilled surface, the TE favored the 18.4 tire.  The DTR
values were similar up to a slip of approximately 25%,
then the DTR favored the 710/70.  The TE versus DTR
curves illustrated in Figures 9 and 10 favored the nar-
rower tire over most of the DTR range.  On the firmer,
non-tilled surface, the wider tire did have a slight advan-
tage at low DTR values, while on the softer tilled surface,
the wider tire had a slight advantage at high DTR values.
CONCLUSIONS
1. The TE and DTR differences between the different
tire sizes favored the narrower tires.
2. The radial ply tires developed tractive performance
advantages over the bias ply tires on both the non-
tilled and tilled wheat stubble.
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